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   INTRODUCTION 

This Progress Report for the Rod and Wire Mill Interim Measure at the Tradepoint Atlantic 
property has been prepared by ARM Group LLC (ARM).  This report presents: 

 a brief history of the Rod and Wire Mill Area (RWM),  

 a description of historical interim measures (IMs) that operated at the RWM,  

 a description of additional remedial efforts that were completed in 2016 and 2017 to treat 
soil and groundwater in the RWM area, 

 the resulting changes observed in groundwater flow patterns and contaminant distribution, 
and 

 an evaluation of the effectiveness of the interim measure. 

 TRADEPOINT ATLANTIC SITE BACKGROUND 

The Tradepoint Atlantic property is located in Baltimore County, Maryland at the southeastern 
corner of the Baltimore metropolitan area, approximately nine miles from the downtown area.  The 
property encompasses approximately 3,100 acres located on a peninsula situated on the Patapsco 
River near its confluence with the Chesapeake Bay, physically positioned in the mouth of the 
heavily industrialized and urbanized Baltimore Harbor / Patapsco River region.  A land connection 
to the northeast links the peninsula with the adjacent community of Edgemere. 

From the late 1800s until 2012, the property was used for the production and manufacturing of 
steel.  Iron and steel production operations and processes at the Site included raw material 
handling, coke production, sinter production, iron production, steel production, and semi-finished 
and finished product preparation.  In 1970, Sparrows Point was the largest steel facility in the 
United States, producing hot and cold rolled sheets, coated materials, pipes, plates, and rod and 
wire.  The steelmaking operations at the facility ceased in fall 2012, and current plans for the Site 
include demolition and redevelopment over the next several years.  Some portions of the site have 
already undergone remediation and/or redevelopment.   

The original topography of the peninsula was flat with elevations not exceeding 15 feet based on 
the North American Vertical Datum 1988 (NAVD88).  The peninsula has been significantly 
altered since the inception of the steel manufacturing activities.  Creeks have been filled in and 
new land has been added to various areas of the Site by building up near-shore areas of the river. 

 SITE OWNERSHIP HISTORY 

Bethlehem Steel Corporation operated an integrated steelmaking facility at the site from 
approximately 1916 through 2003.  As a result of multiple market factors, Bethlehem Steel 
declared bankruptcy in 2001 and the facility was subsequently operated by a succession of owners, 
the last of which (RG Steel Sparrows Point, LLC) filed for bankruptcy in 2012.  The site was 
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subsequently purchased by Sparrows Point, LLC (SPLLC) at a bankruptcy sale on August 7, 2012.  
Sparrows Point Terminal, LLC (SPT) purchased the real property on September 18, 2014.  SPT 
has subsequently undergone a name change and is now doing business as Tradepoint Atlantic. 

 REGULATORY PROCESS 

Environmental responses for the RWM and for the site in general are being implemented pursuant 
to the following: 

 Multi-Media Consent Decree (Decree) between Bethlehem Steel Corporation, the United 
States Environmental Protection Agency (EPA), and the Maryland Department of the 
Environment (MDE) (effective October 8, 1997); this Decree has been modified in 
accordance with a stipulated order entered into by Sparrows Point LLC and the respective 
agencies effective July 28, 2014; 

 Administrative Consent Order (ACO) between Sparrows Point Terminal, LLC and the 
Maryland Department of the Environment (effective September 12, 2014); and,  

 Settlement Agreement and Covenant Not to Sue (SA) between Sparrows Point Terminal, 
LLC and the United States Environmental Protection Agency (effective November 25, 
2014).  

The original Consent Decree for the Sparrows Point facility dealt with many issues associated with 
ongoing iron-making, steel-making, coking, byproduct, plating, and finishing operations.  To the 
extent that these operations are no longer conducted, and the associated facilities no longer exist, 
many specific requirements of the Decree are no longer applicable and have been removed in 
accordance with the stipulated order implementing modifications to the Decree.  The RWM is part 
of the acreage that remains subject to the requirements of the Decree as documented in 
correspondence received from EPA on September 12, 2014. 
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   ROD AND WIRE MILL 

 SITE DESCRIPTION  

2.1.1. Historical RWM Industrial Activities 

The RWM (the Site) is located in the northwestern portion of the Tradepoint Atlantic property.  
This area has also been given the designation of Parcel A3, as the Tradepoint Atlantic property as 
a whole has been divided into several separate parcels.  Parcel A3 (the RWM), is shown on Figure 
1. 

The RWM is the location of the former mill that produced rods and wire products from the 1940s 
to the early 1980s.  All manufacturing activities at the RWM ceased operation in the early 1980s 
with subsequent demolition of all structures between 1994 and 2000, based on historical aerial 
photos.  

Manufacturing activities at the RWM included leaching of zinc ore and a subsequent treatment 
process to remove cadmium impurities.  The leaching process was implemented in large tanks 
located inside the north end of the former RWM building.  From the 1950s, the acidic leach residue 
was stored in the Northwest Pond until about 1959 when filters were utilized to dewater the 
residues.  Dewatered sludge generated from this process was temporarily stored on the ground 
outside the north end of the mill in the Former Sludge Bin Storage Area.  Filtrate from the 
dewatering process was recycled to the wire plating process.  Excess filtrate was discharged to the 
East Pond until 1971, after which it was sent to the Humphrey Creek Wastewater Treatment Plant 
(HCWWTP) for treatment.  These operations ended in the early 1980s when the Rod and Wire 
Mill was shut down.  The former locations of the Northwest Pond, the Sludge Bin Storage Area, 
and the East Pond are shown on Figure 2. 

2.1.2. Site Geology/Hydrogeology 

In general, the subsurface geology at the RWM includes slag fill materials overlying natural soils, 
which include fine-grained sediments (clays and silts) and coarse-grained sediments (sands).  
Groundwater occurrence at the Site has been segregated into three horizons identified as shallow, 
intermediate and deep hydrogeologic zones. 

The shallow hydrogeologic zone includes recent sedimentary deposits or slag fill material and the 
unconfined water table at the Site.  Monitoring wells and piezometers designated as shallow are 
screened within this uppermost, unconfined water bearing unit.  The “shallow” bottom-of-screen 
elevations generally range from +5 to -20 feet above mean sea level (amsl).  In some areas of the 
Site, the slag fill is directly underlain by and hydrologically connected to, the coarser-grained beds 
or lenses within the Talbot Formation that comprise the Upper Talbot Channel Unit.  In these areas, 
the slag fill and Upper Talbot Channel Units form a single groundwater flow system.  In much of 
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the investigation area, the slag fill material is underlain by finer-grained silts and clays that 
comprise the Talbot Clay Aquitard.  In these areas, shallow groundwater flow may be separated 
from groundwater in any underlying coarse-grained beds or lenses.   

The intermediate hydrogeologic zone was the focus of the pump and treat interim measure 
formerly used at the Site and is therefore also referred to as the intermediate pumping zone.  The 
intermediate zone includes the unconfined to partially confined groundwater in the Pleistocene-
aged Upper Talbot unit.  The “intermediate” bottom-of-screen elevations range from 
approximately -20 to -50 feet amsl.  The presence of clay and silt layers within the intermediate 
hydrogeologic zone likely retard the vertical recharge of groundwater from the upper fill material 
and Upper Talbot channel Unit. 

The lower hydrogeologic zone includes the confined groundwater in the Lower Talbot or Upper 
Patapsco Sand unit.  The “lower” bottom-of-screen elevations range from approximately -50 to -
141 feet amsl.  The lower hydrogeologic zone was not a primary focus of this groundwater 
investigation.  Hydrogeologic zones at greater depth are known to exist based on a review of the 
regional geology; however, these deeper units are isolated from the upper three units and impacts 
associated with the former iron and steel operations have not been identified. 

 HISTORICAL INTERIM MEASURE FOR GROUNDWATER CONDITIONS 

The historical operations within the RWM resulted in releases of cadmium and zinc to soil and 
groundwater.  In 1986, a soil and groundwater remediation program was initiated to address 
groundwater exhibiting elevated levels of cadmium and zinc, as well as residual soil contamination 
in the Sludge Bin Storage Area.  Remediation initially consisted of a soil flushing program and 
associated pumping and treatment of groundwater from shallow and intermediate wells.  The 
groundwater pumping was discontinued, and the treatment plant was dismantled in 1999 to support 
the demolition of the Rod and Wire Mill, allowing for reassessment of the interim measure.  A 
Work Plan to re-establish interim measures was submitted to the reviewing agencies (MDE and 
EPA) in July 2000, and the Work Plan was approved in November 2000.  Re-establishment of the 
interim measures included the following: 

 Institutional controls for soils were established to provide a “Restricted Work Area” to 
control the exposure of onsite workers to soils in the Former Sludge Bin Storage Area. 

 A groundwater monitoring network consisting of 31 wells was installed to monitor the 
performance of the groundwater pump and treat system.  This monitoring network was 
used to collect water level and groundwater quality data. 

 A groundwater pump and treat system was operated and maintained, which consisted of 
two intermediate zone recovery wells (RW10-PZM020 and RW15-PZM020) that removed 
water at a rate of between 5 and 12 gallons per minute (gpm).  The expected normal 
operating rate for the treatment system was set at a combined rate of 8 to 12 gpm, with a 
maximum design flow of 25 gpm. 
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 Recovered groundwater was transported via a pipeline to the HCWWTP for subsequent 
treatment and discharge in accordance with the NPDES permit requirements for the 
facility. 

The pumping and treatment of groundwater resumed in September 2001, and continued until 
September 2016, when it was stopped to support the construction activities at the RWM.  In 
particular, the pumping wells and associated pumps, piping, and pipe racks were shut down and 
removed in order to install the remediation trenches. The remediation trenches were constructed 
between October and December 2017 (Interim Measures Construction Report, In-Situ 
Groundwater Treatment, Advanced GeoServices Corp, January 2018).    
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 NEW INTERIM MEASURE AND GROUNDWATER CONDITIONS 

 INTERIM MEASURE REMEDIAL APPROACH 

EnviroAnalytics Group contracted Advanced GeoServices (AGS) to design and install 
remediation trenches to serve as the new interim measure for remediating groundwater at the 
RWM.  The full details of the remediation design are presented in the AGS Work Plan, Interim 
Measure Work Plan In-Situ Groundwater Treatment (AGS, 2016).  The primary purpose of this 
new interim measure, which focused on groundwater in the intermediate zone, was to reduce 
concentrations of dissolved metals and to minimize contaminant discharges from this zone to 
surface water.  Groundwater in the shallow zone was noted to have a higher pH due to the 
presence of slag fill, and as a result, the distribution of metals in the shallow zone groundwater 
indicates very limited mobility (i.e., lack of migration).  Therefore, the intermediate zone was 
the primary focus of the new interim measure. 

Groundwater extraction from the pumping wells ceased in September 2016 to support the 
construction of the remediation trenches.  The objective of the remediation trenches is to address 
the elevated dissolved cadmium and zinc in the intermediate groundwater zone by precipitating 
the dissolved metals in-situ.  This is achieved by raising the existing groundwater pH from 
approximately 4 to a range of 9.5 to 10 through the addition of alkaline reagents into the 
intermediate groundwater zone at select high concentration areas.  To accomplish this, excavated 
soils were replaced with alkaline charges that react with acidic groundwater to create alkaline 
conditions within the aquifer and remove the dissolved cadmium and zinc from solution.  The 
alkaline charges utilized a combination of fast acting TerrabondMG (40% by weight) in 
conjunction with limestone aggregate (60% by weight).  The reagents were placed in trenches in 
a staggered/offset alignment perpendicular to the anticipated groundwater flow.  A typical cross-
section of a remediation trench is provided as Figure 3 and the approximate locations of the 
trenches are shown on the various maps provided as part of this report. As part of creating an 
updated conceptual site model in the Rod and Wire Mill Interim Measure Supplemental 
Investigation Report (ARM, Revision 1 dated April 8, 2020), lateral groundwater flow velocities 
were calculated based on groundwater level measurements in May 2019.  Groundwater flow 
velocity was calculated at 33.8 ft/year in the shallow zone and 4.94 ft/year in the intermediate 
zone. Details of these calculations can be found in the Rod and Wire Mill Interim Measure 
Supplemental Investigation Report (ARM 2020a). 

Approximately 2,392 cubic yards of contaminated soil were removed from the RWM during 
construction of the trenches and disposed of at an offsite facility. Construction of the trenches was 
completed in January 2017. 

The interim groundwater treatment goals are to increase the pH in the intermediate groundwater 
zone in order to precipitate the dissolved metals and achieve a reduction in dissolved 
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concentrations of cadmium and zinc within and downgradient of the source areas. Ultimately the 
treatment goal is to demonstrate that the concentrations of the primary contaminants (cadmium 
and zinc) in groundwater discharging at the shoreline/property boundary are acceptable.   

 GROUNDWATER WELL NETWORK 

In 2021, there were 76 monitoring wells located at the Site. All wells except two are installed with 
screen intervals in the shallow zone or the intermediate zone.  A “well pair” refers to one shallow 
zone well and one intermediate zone well installed very close to each other whose well names 
begin with the same prefix (e.g., RWA-MWS and RWA-MWI).  Shallow zone wells have been 
assigned a well name ending in “-MWS” while intermediate zone wells have been assigned a well 
name ending in “-MWI”. One monitoring well, RW06R-MWD, is installed with a screen interval 
in the deep zone. Another monitoring well, RW21-MWP, is installed with a screen interval in a 
localized perched zone (less deep than the shallow zone). This well was installed at the request of 
the Maryland Department of the Environment (MDE) to monitor non-aqueous phase liquid 
(NAPL) identified during a previous investigation.  Only results from the shallow and intermediate 
wells are included in this report. 

For the purposes of evaluating trends in groundwater, monitoring wells at the Site have been 
categorized into four groups:   

 The “Perimeter” wells are generally located farthest to west (downgradient), running north-
south.   

 The “Interior” wells are located in the central portion of the site.  The Focused well pairs—
RWJ, RWK, and RWL—are a subset of Interior wells that were installed directly adjacent 
to one of the trenches to help assess the trench performance.  Proximity was very important 
due to the rather slow intermediate zone groundwater velocity calculated for the site. 

 The “Delineation” wells are located along the northern boundary of the site.   

 The “Upgradient” wells are located farthest upgradient, generally farthest to the east.   

Well categories are shown in the table below. 
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As a result of ongoing grading activities in late 2020 and 2021, the surface completions for several 
wells were damaged or buried.  Before being repaired, a few wells were unable to be opened for a 
groundwater sample to be collected during the one or both of the 2021 semiannual sampling events.  
Below is a table showing which wells were not sampled during 2021. 

Well ID 
Sample 

Frequency 
Sample Not 
Collected 

Reason Repaired?

RW03-MWS Semiannually Q2 and Q4 Buried under landscaping; could not be located 
with GPS and metal detector.

No 

RW03-MWI Semiannually Q2 and Q4 Buried under landscaping; could not be located 
with GPS and metal detector.

No 

RW07-MWI Semiannually Q2 Buried under landscaping; ultimately uncovered. Yes1 

RW12-MWS Semiannually Q2 Paved over; ultimately uncovered. Yes1 

RW12-MWI Semiannually Q2 and Q4 Paved over; ultimately uncovered. Yes1 

Note 1: RW07-MWI and RW12-MWS were repaired after the Q2 2021 sampling event, while RW12-MWI was 
repaired after the Q4 sampling event. 

The RW03 well pair is planned for replacement in 2022.  As a result of the well damages, 
groundwater levels could not be measured for some of the wells during 2021.  In addition, the 
subsequent repairs for some of the damaged wells raised or lowered the inner polyvinyl chloride 
(PVC) well casing but the new casing height was not immediately surveyed.  The wells will be 
surveyed during the 1st quarter of 2022. The top of casing (TOC) elevation is a necessary reference 
point for determining groundwater elevations, so some of these wells do not appear on the 
groundwater elevation contour maps included with this report. 

This IM Progress Report summarizes groundwater conditions following remediation trench 
installation, with focus on the results of the two semiannual sampling events carried out in 2021. 

 GROUNDWATER CONDITIONS IN 2021 

3.3.1. Shallow Groundwater Zone 

3.3.1.1 Groundwater Elevations 

A synoptic round of groundwater level measurements was collected for the Q2 and Q4 sampling 
events.  Based on the field measurements, groundwater potentiometric surface maps were 
constructed for the shallow zone for the Q2 and Q4 events and are included as Figure 4 and Figure 
5, respectively.  As shown on the figures, the predominant flow direction for the shallow zone in 
the eastern portion of the Site is to the west.  In the central and west portions of the Site 
groundwater flow is to the north and northwest.  In the southwest portion of the Site (south of 
RW06R-MWS) flow is to the southwest.  
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3.3.1.2 Zinc 

Figure 6 displays the distribution of zinc concentrations in the shallow zone during the Q2 
sampling event.  The highest measured concentration was at RWN-MWS (745,000 µg/L), located 
upgradient of the western-most remediation trench and within the former Sludge Bin Storage Area. 
In addition, zinc was measured in high concentrations (compared to other shallow well 
concentrations during this event) east of the trenches near the southern edges of the Former East 
Pond at RWR-MWS (269,000 µg/L), RWS-MWS (116,000), and north of the remediation trenches 
in RW22R-MWS (169,000 µg/L),  

Figure 7 displays the distribution of zinc concentrations in the shallow zone during the Q4 
sampling event.  While samples were collected from fewer wells during this event, relatively high 
concentrations were measured again at RWR-MWS (298,000 µg/L) and RW22R-MWS (137,000 
µg/L).  The zinc distribution is similar to that of the June event.  For contour purposes, if a sample 
was not collected during the Q4 sampling event, then the concentration from the Q2 sampling 
event was utilized. 

Time-series graphs of zinc concentrations in shallow perimeter wells are included as Figure 8 
(original wells) and Figure 9 (supplemental wells).  Results for the perimeter shallow wells are 
compared to the relevant surface water criterion for zinc of 81 µg/L.  The results show that zinc 
stayed relatively the same in most wells during the two 2021 semiannual events, except for RW02-
MWS, RWE-MWS, and RWA-MWS. In RW02-MWS, zinc significantly decreased during both 
the Q2 and Q4 events, being measured at its lowest historical level ever during the Q4 2021 event.  
The zinc concentration in well RWE-MWS exhibited notable fluctuations in concentration during 
both the Q2 and Q4 events.  Zinc in well RWA-MWS exhibited an overall decrease in 2021 from 
2020 levels.  During the Q4 sampling event, concentrations of zinc in perimeter shallow wells 
were below the relevant surface water criterion of 81 µg/L in five of the ten perimeter shallow 
wells sampled in the 4th Quarter 2021: RWA-MWS, RWB-MWS, RWD-MWS, RW02-MWS, and 
RW05-MWS.   

Time-series graphs of zinc concentrations in shallow interior wells are included as Figure 10 
(original wells) and Figure 11 (supplemental wells).  Several interior shallow zone wells were 
only sampled during the Q2 sampling event.  However, zinc levels in these wells remained 
relatively stable from their 2020 values.  Slight increases were observed for zinc concentrations 
during the Q4 event for wells RW18-MWS, RWJ-MWS, and RW23-MWS (though all of these 
remained below the relevant surface water criterion of 81 µg/L).   

A time-series graph displaying zinc concentrations for the delineation wells is included as Figure 
12.  Zinc concentrations in delineation wells generally remained stable (RWQ-MWS) or decreased 
(RWO-MWS and RWI-MWS) in 2021.  The only exception is well RWH-MWS, which exhibited 
increases during both 2021 semiannual events.   
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A time-series graph of the zinc concentrations in the shallow upgradient wells is included as 
Figure 13.  Zinc concentrations in upgradient shallow zone well RWS-MWS fluctuated, with an 
increase during the Q2 2021 event and a decrease during the Q4 event.  The zinc level in RWR-
MWS stayed relatively the same.  Results for zinc concentrations in shallow wells are shown in 
Table 3.  Laboratory reports for samples collected during 2021 are included as Appendix A. 

3.3.1.3 Cadmium 

Figure 14 displays a map of the distribution of cadmium concentrations in the shallow zone during 
the Q2 2021 sampling event.  Monitoring well RWN-MWS (located within the Former Sludge Bin 
Storage Area) had the highest detected concentration of cadmium at 4,850 µg/L. All cadmium 
concentrations in wells along the shoreline in the shallow zone were below 15 µg/L (compared to 
the relevant surface water criterion for zinc of 7.9 µg/L). All other measured cadmium 
concentrations at shallow zone wells were below 100 µg/L. 

Figure 15 displays the distribution of cadmium concentrations in the shallow zone during the Q4 
sampling event.  For contour purposes, if a sample was not collected during the Q4 sampling event, 
then the concentration from the Q2 sampling event was utilized. During the Q4 sampling event, 
RW22R-MWS had the highest detected concentration of cadmium (117 µg/L) (RWN-MWS is 
sampled annually in Q2 only). All cadmium concentrations along the shoreline in the intermediate 
zone were below 5 µg/L.   

Time-series graphs of cadmium concentrations in shallow perimeter wells are included as Figure 
16 (original wells) and Figure 17 (supplemental wells).  Results for the perimeter shallow wells 
are compared to the relevant surface water criterion for cadmium of 7.9 µg/L.  The results show 
that cadmium concentrations decreased or stayed relatively stable during the 2021 events.  The 
only exception was well RW22R-MWS which exhibited increases in concentration during the Q2 
and Q4 sampling events. During the Q4 2021 sampling event, concentrations of cadmium in 
perimeter shallow wells were below the relevant surface water criterion of 7.9 µg/L in all wells 
except RW22R-MWS (117 µg/L).  Cadmium was not detected in several of the shallow perimeter 
wells during the 2021 events.  Since February 2017, cadmium concentrations in perimeter wells 
have generally remained stable or decreased over time.   

Time-series graphs of cadmium concentrations in shallow interior wells are included as Figure 18 
(original wells) and Figure 19 (supplemental wells).  Sampling results for interior shallow zone 
wells show that total cadmium was generally below 20 µg/L during 2021, except for in well RWN-
MWS.  This well is located within the former Sludge Bin Storage Area and had a cadmium 
concentration that was three orders of magnitude greater than concentrations of most of the 
shallow zone wells.   

A time-series graph displaying cadmium concentrations for the delineation wells is included as 
Figure 20.  Cadmium concentrations in delineation wells generally remained stable or decreased 
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since sampling began at these locations in May 2019, including through both semiannual events 
of 2021.   

A time-series graph of cadmium concentrations in shallow upgradient wells is included as Figure 
21.  Cadmium was detected in upgradient shallow zone well RWS-MWS at very low levels (less 
than 2 µg/L).   The cadmium level in supplemental well RWR-MWS remained relatively stable 
during both 2021 sampling events.  Cadmium concentrations in shallow wells are shown in Table 
4.  Laboratory reports for samples collected during 2021 are included as Appendix A.  Individual 
time-series graphs for each shallow zone monitoring well are presented in Appendix B.   

3.3.1.4 pH 

Measurements of pH in the shallow groundwater zone from the Q2 2021 sampling event, shown 
on Figure 22, ranged from 4.00 to 11.83.  Values of pH were generally higher in wells near the 
shoreline.  Wells RWJ-MWS, RW18-MWS and RW16-MWS also had relatively high pH values. 

Measurements of pH in the shallow groundwater zone from the Q4 2021 sampling event, shown 
on Figure 23, generally ranged from 4 to 11, with a few pH values outside this range that may be 
anomalous.  In 2022, pH levels that are considered to be anomalous may be tested with a second 
pH meter or via lab analysis.  

3.3.2. Intermediate Groundwater Zone 

3.3.2.1 Groundwater Elevations 

A synoptic round of groundwater level measurements was collected for the Q2 and Q4 2021 
sampling events.  Based on these field measurements, groundwater elevation contour maps were 
constructed for the intermediate zone for the two semiannual events (included as Figure 24 and 
Figure 25, respectively).  The groundwater elevations reveal that the potentiometric surface in the 
intermediate zone was nearly flat during both 2021 events, with very little variation (less than a 
half foot of difference) amongst most calculated groundwater elevations across the Site.  Well 
RW22R-MWI had the lowest groundwater elevation during both events and was the only location 
to have an elevation that was below mean sea level during either event.  Well RW21-MWI had a 
notably higher groundwater elevation in the Q2 event (2.33 feet amsl) compared to its Q4 elevation 
(1.54 feet amsl) and also compared to other wells in the Q2 event (average of 1 foot amsl). 

Groundwater elevations were generally higher (by about half a foot) during the Q4 event than the 
Q2 event.  Well RW18-MWI had a notably higher groundwater elevation in the Q4 event (2.29 
feet amsl) compared to its Q2 elevation (1.65 feet amsl) and also compared to other wells in the 
Q4 event (average of 1.50 feet amsl).  Well RW02-MWI also had a notably high groundwater 
elevation in the Q4 event (2.54 feet amsl) but was not measured in the Q2 event. 
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Groundwater elevations in the intermediate zone are generally lower than in the shallow zone, 
indicating a downward vertical gradient.  There are some exceptions, as some perimeter well pairs 
have had a higher groundwater elevation in the shallow well than in the intermediate well.  During 
the Q2 sampling event, an upward gradient occurred in the RWB well pair.  During the Q4 
sampling event, an upward gradient occurred in the following well pairs, all located in the far 
southwest corner of the Site: RW01, RW02, RW05R, and RWF.  The upward gradient has been 
observed in this area in several sampling events prior to 2021.  During the Q4 sampling event, the 
shallow wells in well pairs RWH and RWO also had higher groundwater elevations than their 
intermediate wells.  This is the first time an upward gradient has been observed in this area. 

3.3.2.2 Zinc 

Intermediate groundwater zinc concentrations during the Q2 2021 event, mapped spatially on 
Figure 26, generally decrease from east to west across the Site.  Zinc concentrations were highest 
outside the north and south edges of the former East Pond source area, at RWP-MWI (3,990,000 
µg/L), RWR-MWI (1,400,000 µg/L) and RWS-MWI (858,000).  Zinc concentrations above 
500,000 µg/L were also observed at locations RWH-MWI, RWI-MWI, and RW21-MWI (at 
similar concentrations to previous sampling events), which indicates that the contaminant plume 
in the intermediate zone extends beyond the northern limits of the treatment trenches and that the 
former Northwest Pond area may have acted as a source of contaminant mass to the intermediate 
zone groundwater.  This impacted area was discussed in the Comment Response Letter: Rod and 
Wire Mill IM 2020 Progress Report and Parcel A3 NAPL Semi-Annual Monitoring Report (ARM 
2022); it was identified in previous sampling and delineation events but was unable to be 
completely excavated due to the presence of overhead lines. The concentration observed in RWA-
MWI was also elevated compared to other intermediate wells during this event.  Based on the 
lower concentration in RW22R-MWI, the relatively high zinc concentration in RWA-MWI 
appears to be an isolated plume separated from the high concentrations observed around the former 
Northwest Pond area.  At RWJ-MWI, the zinc concentration is low (1,990 μg/L) relative to other 
intermediate wells nearby.  However, concentrations of zinc above 100,000 µg/L extend westward 
from RWL-MWI toward RWE-MWI, and also to the south from RWL-MWI to RW23-MWI.  

Intermediate zone groundwater zinc concentrations during the Q4 2021 event are shown on Figure 
27.  For contour purposes, if a sample was not collected during the Q4 sampling event, then the 
concentration from the Q2 sampling event was utilized. Even though several interior wells were 
not sampled during the Q4 event, many of the wells that were sampled exhibited substantially 
lower concentrations during the Q4 event than the Q2 event.  These wells consisted of: 

Well Q2 Concentration (µg/L) Q4 Concentration (µg/L) % Decrease 
RWO-WMI 208,000 200 U 100%
RWP-MWI 3,990,000 14,300 99.60%
RWR-MWI 1,400,000 48,000 96.60%
RW05R-MWI 79,000 200 U 100%
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    Note: U flag indicates analyte was not detected. 

 
The sampling purge logs for these wells from the Q4 sampling event were reviewed for any 
observations that could explain unusual groundwater conditions in these wells but no such 
observations were found.  Due to the anomalous decreases in zinc concentrations, the wells with 
the three biggest drops by percent (RW05R-MWI, RWO-MWI, and RWP-MWI) were resampled 
in November 2021.  The results are as follows: 

 RW05R-MWI: 50,700 μg/L; increased back to a more typical level. 

 RWO-MWI: 1,380 μg/L; increased from the original Q4 event (non-detect) but still several 
orders of magnitude lower than is typical for this well. 

 RWP-MWI: 526 μg/L; decreased to an even lower level, several orders of magnitude lower 
than is typical for this well. 

The concentration in well RWH-MWI near the former Northwest Pond was still elevated compared 
to other wells during this event.   The isolated plume in the northwest corner near RWA-MWI 
persists, as well as the two axes of high concentrations (60,000-100,000 µg/L) extending from 
RWL-MWI westward to RWE-MWI and from RWL-MWI southward to RW23-MWI).   

Time-series graphs of zinc concentrations in intermediate perimeter wells are included as Figure 
28 (original wells) and Figure 29 (supplemental wells).  While concentrations of zinc in some 
perimeter wells exhibited increases during 2021, concentrations in the majority of perimeter wells 
exhibited overall slight decreases during 2021.  Well RW07-MWI exhibited a notable increase 
from June 2020, back to levels that were more typical for this well in March 2020 and 2019.  
RW02-MWI exhibited a significant decrease in the Q2 2021 event followed by a slight increase in 
the Q4 2021 event.  Wells RW22R-MWI and RWB-MWI both exhibited slight increases during 
both 2021 events.  The graph of RW05R-MWI, shown on Figure 29, is particularly revealing in 
that it shows that the November 2021 zinc concentration is consistent with the slight decreases 
seen in other perimeter wells and that the original Q4 zinc concentration for this well (collected in 
October 2021) was an outlier that is likely not representative of groundwater conditions at the well. 

Based on accepting the November 2021 re-sample result for RW05-MWI (as opposed to the 
October 2021 result) as the more representative result, there was only one location (RWB-MWI, 
19.1 µg/L) with zinc concentrations in the intermediate perimeter wells during the Q4 event below 
the relevant surface water criterion of 81 µg/L .  The highest zinc concentration amongst perimeter 
wells in 2021 was consistently measured in well RWA-MWI.   

Time-series graphs of zinc concentrations in intermediate interior wells are included as Figure 30 
(original wells) and Figure 31 (supplemental wells).  Results showed that zinc concentrations in 
most of these wells exhibited overall increases in 2021.  More substantial fluctuations were 
observed in original wells while supplemental well concentrations saw only slight increases or 
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stayed relatively stable over 2021.  The only interior well that exhibited a notable decrease in zinc 
concentration was RW18-MWI.   

A time-series graph of zinc concentrations in intermediate delineation wells is included as Figure 
32.  Zinc concentrations in delineation wells have been mostly stable since their installation in 
March 2019 including through 2021, except for the aforementioned significant drops in 
concentrations seen during the Q4 2021 event in RWO-MWI and RWP-MWI.   

A time-series graph of zinc concentrations in intermediate upgradient wells is included as Figure 
33.  The zinc concentration in upgradient intermediate zone well RW19-MWI exhibited a 
significant decrease in the Q2 2021 sampling event. The supplemental upgradient well RWR-
MWI zinc concentration has generally decreased since its installation, inclusive of the significant 
decrease already mentioned that was seen in Q4 2021.  All intermediate well zinc results are 
included in Table 4.  Laboratory reports for samples collected during 2021 are included as 
Appendix A. 

3.3.2.3 Cadmium 

Intermediate zone cadmium concentrations during the Q2 event, shown on Figure 34, vary 
significantly across the Site.  The highest cadmium concentration was measured in RW13-MWI 
(26,400 μg/L) located in the former Sludge Bin Storage Area. There were also relatively high 
concentrations compared to other intermediate well concentrations during this event north of the 
easternmost trench near the former East Pond in well RWP-MWI (8,430 μg/L) and north of the 
westernmost trench near the former Northwest Pond in wells RWI-MWI (6,810 μg/L) and RWH-
MWI (6,760 μg/L).  As with zinc, the high cadmium detection at the northwestern-most corner of 
the Site at RWA-MWI (11,700 μg/L) appears to be isolated from the known source areas.  

Intermediate zone cadmium concentrations during the Q4 event, shown on Figure 35, are similar 
to those observed during the Q2 event.  Relatively high concentrations persisted in northern wells 
RWH-MWI and RWP-MWI, as well as the isolated plume in the northwest corner at RWA-MWI.  
Cadmium concentrations in the intermediate perimeter wells during the Q4 event were below the 
relevant surface water criterion of 7.9 µg/L in RWB-MWI (1 µg/L), RW22R-MWI (2.5 µg/L) and 
RW02-MWI (1 µg/L).  It is notable that the four wells (RWO-MWI, RWP-MWI, RWR-MWI, and 
RW05R-MWI) that exhibited near-100% reductions in zinc concentrations between the Q2 and 
the Q4 events did not have decreases of corresponding proportions in cadmium concentrations 
between the two events. 

Time-series graphs of cadmium concentrations in intermediate perimeter wells are included as 
Figure 36 (original wells) and Figure 37 (supplemental wells).  Concentrations of cadmium in 
wells RW01-MWI, RW06-MWI and RW07-MWI exhibited overall increases in 2021 while wells 
RW02-MWI, RWG-MWI and RW05R-MWI exhibited notable decreases in 2021.  Concentrations 
of cadmium in most other perimeter wells remained relatively stable over the course of 2021.  
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While the cadmium level in RW05R-MWI remained relatively stable between the Q2 and Q4 
events, it dropped significantly from the original Q4 (October 2021) event to the November 2021 
event.  This is surprising given that the zinc concentration in this well increased from an 
anomalously low concentration in the original Q4 sampling event to more typical concentrations 
in the November sampling event. The highest cadmium concentration in perimeter wells in 2021 
was consistently measured in well RWA-MWI.   

Time-series graphs of cadmium concentrations in intermediate interior wells are included as 
Figure 38 (original wells) and Figure 39 (supplemental wells).  While many of the interior wells 
were only sampled during the Q2 event, cadmium concentrations in most of the interior wells 
stayed relatively stable or increased during 2021.  Wells RW15-MWI and RW16-MWI exhibited 
slight increases during the Q2 sampling event.  Well RW13-MWI continued its historical pattern 
of fluctuating significantly by increasing drastically when it was sampled in the Q2 event.  Well 
RWJ-MWI increased during both the Q2 and Q4 events, while the remainder of the intermediate 
interior supplemental wells were relatively stable.   

A time-series graph of cadmium concentrations in intermediate delineation wells is included as 
Figure 40.  Cadmium concentrations in intermediate delineation wells remained relatively stable 
or exhibited slight decreases over the course of the 2021 sampling events, with the exception of 
well RWP-MWI (large decrease) and RWQ-MWI (slight increase).  Similar to the cadmium 
concentration in RW05R-MWI, the cadmium level in RWP-MWI remained relatively stable 
between the Q2 and Q4 events but dropped significantly from the original Q4 (October) event to 
the November event.  Unlike RW05-MWI however, the level of cadmium in the November event 
for RWP-MWI is consistent with the level of zinc observed in this well during the November 
event, both being more than three orders of magnitude lower than what was measured during the 
original Q4 sampling event.  

A time-series graph of the cadmium concentrations in intermediate upgradient wells is included as 
Figure 41.  The cadmium concentration in upgradient well RW19-MWI exhibited a notable 
decrease during the Q2 sampling event. Wells RWR-MWI and RWS-MWI decreased during the 
Q2 sampling event but then exhibited greater increases during the Q4 sampling event to new all-
time maximum concentrations in each well. Cadmium results for all samples from the 
intermediate zone are included in Table 5.  Individual time-series graphs for each intermediate 
zone monitoring well are presented in Appendix C.   

3.3.2.4 pH 

For both the Q2 and Q4 event, pH values in the intermediate groundwater zone generally ranged 
from 4 to 11, with a few pH values outside this range that may be anomalous.  In 2022, pH levels 
that are considered to be anomalous may be tested with a second pH meter or via lab analysis.  
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Measurements of pH within the intermediate groundwater zone during the Q2 and Q4 events are 
shown on Figure 42 and Figure 43, respectively.  The highest pH value (7.37) during the Q4 event 
was measured in well RWJ-MWI, the well located directly adjacent to a trench. There were four 
intermediate zone monitoring wells with pH values less than 3.0 (RWB-MWI, RWE-MWI, RWG-
MWI, and RWS-MWI). Previous pH values in these wells ranged from 5.75 to 8.0; therefore these 
values may be anomalous and will be checked in 2022. 

3.3.3. Focused Well Pairs J-K-L 

Figure 26 and Figure 27 show the locations of the Focused wells relative to the trench, along with 
the intermediate zinc concentrations for the Q2 and Q4 2021 sampling events, respectively.  These 
Focused wells were installed in 2019 which was more than two years following the trench 
installation.  As indicated on Figure 26, intermediate groundwater upgradient of the westernmost 
trench in well RW13-MWI contains over 350,000 µg/L of dissolved zinc.  The zinc concentration 
in RWJ-MWI, directly adjacent and downgradient of the trench, was 1,990 µg/L in the Q2 
sampling event and 2,840 µg/L in the Q4 sampling event.  As the distance downgradient from the 
trench increased, the zinc concentration was observed to increase such that the zinc concentration 
ranged from 23,700 µg/L to 34,600 µg/L in RWK-MWI and from 97,000 µg/L to 110,000 µg/L in 
RWL-MWI. The same pattern appears in the intermediate zone for cadmium concentrations.  This 
suggests that the permeable reactive barrier treatment technology and the reagent appears to be 
effective in raising the pH of the groundwater and removing the metals concentrations.  Based on 
the extremely slow groundwater flow velocity it appears that the treated groundwater has yet to 
reach RWL-MWI.   

Figure 44 presents a time-series graphs of zinc concentrations for the three locations in the 
intermediate zone. This figure shows relatively stable zinc concentrations from 2019 through 2021 
for well RWJ-MWI, RWK-MWI, RWL-MWI. As previously mentioned, these Focused wells were 
installed in 2019 which was more than two years following the trench installation.  Concentrations 
upgradient from the trench (RW13-MWI concentration from 2021 or RW12-MWI concentrations 
from 2020) suggest that the zinc concentration at RWJ-MWI has significantly decreased from what 
it would have been in that area without installation of the trenches.  Furthermore, the large 
differences between zinc levels amongst the Focused wells (shown on the graph) correspond to 
their distance away from the trench, with the closest well of the three (RWJ-MWI) having the 
lowest zinc concentration and the farthest well of the three (RWL-MWI) having the highest zinc 
concentration. The differences can also be seen on Figure 45 with the time-series graphs of 
cadmium concentration in these three intermediate wells, although there is not as pronounced of a 
difference between the levels of RWJ-MWI and RWK-MWI as there is for zinc.   

The time-series graph included as Figure 46 shows that the zinc concentrations in the shallow 
zone downgradient wells RWK-MWS and RWL-MWS are several orders of magnitude greater 
than that of RWJ-MWS, which is located directly adjacent to the trench. Figure 46 shows that the 
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shallow zone zinc concentrations have remained relatively stable from 2019 through 2021.  Since 
cadmium is rarely detected or is detected below the reporting limit in the shallow Focused wells, 
no time-series graph was made for cadmium concentrations in these wells.   

The groundwater elevations of the Focused well pairs provide evidence that groundwater may be 
draining through the trenches from the shallow zone to the intermediate zone.  In both semiannual 
sampling events, there is a gradient toward the trench (from L toward J) in these three wells in the 
shallow zone but a gradient away from the trench (from J toward L) in the intermediate zone. 

 CONTAMINANT REDUCTION 

The interim groundwater treatment goals are to increase the pH in the intermediate groundwater 
zone in order to precipitate the dissolved metals and achieve a reduction in dissolved 
concentrations of cadmium and zinc within the source areas.  

The time-series graphs show that the cadmium and zinc concentrations have, in some cases, 
fluctuated by orders of magnitude between consecutive sampling events.  As a result, the 
comparison of individual quarterly values for some wells can indicate an increase or decrease 
depending on which specific quarterly values are compared.  For ease in visualizing overall trends 
and magnitude of reductions, annual average concentrations of cadmium and zinc were calculated 
for each well for which multiple years of data are available. Values for total and dissolved metals 
were used interchangeably in the calculations based on previous observations that nearly all of 
the total metals concentrations are accounted for by the dissolved fraction.  

Table 7 summarizes average annual groundwater cadmium and zinc concentrations at each 
shallow zone well installed before the remediation trenches.  The tables show that the average 
cadmium concentrations in shallow zone wells that were sampled in 2021 are all below the ambient 
surface water quality criterion of 7.9 ug/L, and most have shown decreases over the observed time 
period.  Average cadmium concentrations at interior well RW11-MWS and perimeter well 
RW06R-MWS have increased since 2017 and 2018, respectively, but are still below the ambient 
water quality criterion.   

Zinc concentrations in the easternmost interior shallow zone wells that were sampled in 2021 
(RW16-MWS and RW18-MWS) showed reductions of 91% and 99%, respectively, over the 
observed time periods.  However, zinc concentrations increased from 2015 to 2021 at the more 
western interior wells RW11-MWS and RW12-MWS.  The largest percent increase (372%) was 
observed at interior well RW11-MWS.  Zinc concentrations in perimeter wells RW02-MWS and 
RW05-MWS decreased by over 90% since they were installed.  The only other well that was 
sampled in 2021 in which 2021 zinc concentrations showed an increase relative to its earliest 
yearly average was RW07-MWS. 
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Table 8 summarizes average annual groundwater cadmium and zinc concentrations at each 
intermediate zone well installed before the remediation trenches.  The 2021 yearly average for 
upgradient well RW19-MWI showed a 95% reduction from its 2017 yearly average.  Interior wells 
that were sampled in 2021 showed decreases from the earliest yearly average to the 2021 yearly 
average except for wells RW09-MWI and RW15-MWI. The most significant cadmium 
concentration decreases were observed at RW10-MWI, RW11-MWI, and RW18-MWI, with 
values decreasing by over 85%.  Intermediate zone yearly average cadmium concentrations have 
increased in perimeter wells RW01-MWI, RW06-MWI and RW07-MWI.  The most notable 
increases were at wells RW06-MWI and RW07-MWI, where average yearly cadmium 
concentrations increased by 1,655% and 1,653%, respectively, from their earliest yearly average 
to their 2021 yearly average. However, the 2021 averages for both wells are less than their 2019 
averages.  Decreases in cadmium concentrations were observed in RW02-MWI and RW08-MWI 
from their earliest yearly averages to their 2021 yearly averages. 

Like cadmium, the 2021 yearly average concentration for zinc in intermediate zone upgradient 
well RW19-MWI decreased by 96% compared to the 2017 yearly average.  Most interior wells 
showed significant decreases in zinc concentrations from the earliest yearly average to the 2021 
yearly average.  Only interior wells RW09-MWI and RW15-MWI exhibited increases from their 
earliest yearly average zinc concentrations to their 2021 average zinc concentrations (similar to 
corresponding average cadmium concentrations in these wells).  Patterns in zinc concentrations 
for intermediate zone perimeter wells corresponded to those for intermediate zone cadmium, where 
RW01-MWI, RW06-MWI and RW07-MWI showed increases from their earliest yearly averages 
to their 2021 yearly averages. 
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   SUMMARY AND CONCLUSIONS 

The current approach for addressing the source area elevated dissolved cadmium and zinc in the 
intermediate groundwater zone is to precipitate the dissolved metals in-situ by raising the 
groundwater pH above 7.  This approach relies on groundwater movement to distribute the 
reagent to increase pH and to intercept the migration of metals contaminants in the intermediate 
zone.  Therefore, the effectiveness of the new interim measure is expected to be observed first 
in the intermediate zone wells closest to the trenches and, due to the relatively slow groundwater 
velocity (less than 5 ft/year), may not be apparent in downgradient wells for several years after 
trench installation in January 2017.  

The three focused well pairs wells J -K- L were installed directly adjacent to the western most 
treatment trench to help evaluate overall trench performance.  Well RWJ-MWI located closest 
to the trench exhibited elevated pH values (excluding the anomalous Q2 2021 event value) and 
most notably a lower zinc concentration when compared to the upgradient groundwater 
concentrations relative to the trench.  It is still early in the generation and evaluation of the 
groundwater monitoring data, especially due to the relatively flat groundwater gradient in the 
intermediate zone (as shown on Figures 24 and 25).  Flow through the trenches is what effects 
the treatment of the groundwater, and the flow is inhibited by the flat hydraulic gradient.  
Groundwater monitoring data and the overall trend will continue to be monitored and evaluated 
to assess the effectiveness of the treatment trenches in precipitating the dissolved metals from 
the groundwater. 

Groundwater in the shallow zone is monitored, although it is not the focus of the interim measure.  
In general, cadmium and zinc concentrations in shallow wells stayed relatively the same or 
decreased during 2021, with notable exceptions of zinc in RWH-MWS and cadmium in RW22R-
MWS (both located to the northwest of the former Northwest Pond).  In the shallow wells along 
the western shoreline (perimeter wells), cadmium concentrations in nearly all wells are below 
the ambient surface water quality criterion.  However, only about half of zinc concentrations in 
these wells are below the ambient surface water quality criterion.   

In the intermediate groundwater zone, cadmium and zinc concentrations in the interior wells 
generally stayed relatively the same or exhibited increases during 2021.  Both cadmium and zinc 
increased in well RWJ-MWI, the well installed directly adjacent to one of the trenches, during 
both 2021 events. As noted in previous reports, the supplemental wells have identified elevated 
concentrations at additional locations outside the area of influence of the current IM.   

For zinc and cadmium concentrations in the intermediate zone perimeter wells, there were more 
overall increases than decreases in 2021.  In delineation wells RWP-MWI and RWO-MWI there 
were substantial decreases in zinc concentration, as well as for the cadmium concentration in 
RWP-MWI and zinc concentration in RWR-MWI, during the Q4 2021 event.  These 
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concentrations decreased by several orders of magnitude during this sampling event.  They seem 
to be anomalous results that need to be verified by future sampling data from these wells. 

In the IM design, the groundwater velocities were expected to be slow, in the range of 5 to 10 
feet per year (later calculated to be less than five feet per year in the RWM Supplemental 
Investigation Report).  Paving at the RWM, completed around the end of March 2018, has 
reduced aquifer recharge from precipitation.  While the whole Site is not paved and it is possible 
there is some recharge to the intermediate zone via shallow zone groundwater draining through 
the trenches, it is evident that the end result is still a nearly flat potentiometric surface in the 
intermediate zone (shown on Figures 24 and 25).  A lack of gradient in the intermediate zone 
will have caused the groundwater velocity to slow considerably.  Therefore, the increases in 
metals concentrations observed in the perimeter wells would not be expected to be the result of 
migration from the upgradient source areas.  Rather, the decrease in groundwater flow velocity 
allows for greater equilibration between the groundwater and residual contamination already 
present in the aquifer matrix downgradient of the IM area due to greater contact time. 

The RWM IM Supplemental Investigation Report (ARM 2020a) identified some areas that may 
be outside the intended effective zone of the remediation trenches.  The long-term effectiveness of 
the interim measure and the need for additional or alternative remedial measures will be evaluated 
further as described in the Rod and Wire Mill Groundwater Corrective Measures Study Work Plan 
(Revision 1, dated January 14, 2021). 

Groundwater sampling at the RWM for dissolved cadmium and zinc will continue in 2022 in 
accordance with the schedule as presented in the RWM Monitoring Network Update letter (ARM 
2021c).  In accordance with the Comment Response Letter: Rod and Wire Mill IM 2020 Progress 
Report and Parcel A3 NAPL Semi-Annual Monitoring Report (ARM 2022), groundwater samples 
will also be collected from select intermediate wells to be analyzed for organics (volatile organic 
compounds, semi-volatile organic compounds, diesel range organics and gasoline range 
organics). 
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